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Objective Decreased cardiac vagal control (CVC) has been proposed in posttraumatic stress disorder (PTSD), but the results are mixed. 
Analyses with larger sample sizes and better methodology are needed. 

Methods Thirty-two drug-naive survivors with current PTSD, 32 survivors without PTSD and 192 matched controls were recruited for 
a case-control analysis. We used the PTSD checklist-civilian version (PCL-C) to assess posttraumatic symptoms severity. Cardiac auto- 
nomic function was evaluated by measuring heart rate variability (HRV) parameters. Frequency-domain indices of HRV were obtained. 
The obtained results were evaluated in association with personality traits assessed by the Tridimensional Personality Questionnaire (TPQ). 

Results PTSD patients exhibited decreased LF-HRV and HF-HRV as compared to survivors without PTSD and to matched controls. The 
PTSD symptoms severity was associated with reduced mean RR intervals, Var-HRV, LF-HRV and HF-HRV. The harm avoidance score 
(which has been suggested to be associated with serotonergic activity) was negatively correlated with Var-HRV, LF-HRV and HF-HRV. 

Conclusion These data suggest that PTSD is accompanied by decreased CVC, highlighting the importance of assessing HRV in PTSD 
patients. In view of the increased risk for cardiovascular diseases in these vulnerable individuals, one might consider the treatment to re- 
store their autonomic function while reducing PTSD symptoms. Psychiatry Investig 2013;10:121-130 
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INTRODUCTION 

Posttraumatic stress disorder (PTSD) is a debilitating anxie- 
ty disorder which causes significant work and social dysfunc- 
tion. 1 The three main dimensions of PTSD are re-experienc- 
ing the traumatic event, avoidance of stimuli associated with 
the event and numbing of emotions, and increased arousal. 
Due to the prominence of hyperarousal symptoms in PTSD, 
previous research has focused primarily on the sympathetic 
branch of the autonomic nervous system (ANS). Most studies 
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consistently showed higher levels of resting heart rate and skin 
conductance 2 and an elevated phasic activation of the sym- 
pathetic nervous system in response to trauma-related cues 3 
in PTSD patients. However, Murburg et al. 4 argued that base- 
line sympathetic activity was not increased in PTSD patients 
and that previous reports of increased resting sympathetic ac- 
tivity in this population might instead reflect sympathetic re- 
activity. 

With regard of the parasympathetic nervous system (PNS), 
the other branch the ANS, it has been overlooked previously 
in the psychophysiologic investigation of PTSD. The PNS, and 
especially the vagal regulation of heart rate, is involved in st- 
ress reactions and the long-term consequences of stress. 5 Th- 
ese vagal fibers functionally slow heart rate and actively inhibit 
the sympathetic influences to the heart. 5 Cardiac vagal control 
(CVC), essentially, reflects the degree to which there is tonic 
vagal influence on the heart 6 and is indexed by estimates of re- 
spiratory sinus arrhythmia (RSA, a time domain measure of 
heart rate variability) or high frequency power of spectral an- 
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alysis of heart rate variability (HF-HRV). Decreased HF-HRV, 
which causes reduced autonomic flexibility, is associated with 
increased cardiac mortality after myocardial infarction and the 
development of serious ventricular arrhythmias. In recent ye- 
ars, CVC has become a promising candidate for investigation 
and there is growing evidence highlighting its importance in 
PTSD. For example, survivors of road traffic accidents exhib- 
iting cardiac vagal dysfunction as assessed from heart rate 
time series, were reported more susceptible to developing PT- 
SD. 7 Similarly, fire services workers with PTSD showed a sig- 
nificantly lower cardiac parasympathetic nervous activity than 
controls at baseline. 8 Accordingly, one might wonder the rel- 
evance of cardiac vagal tone to PTSD. 

In studying the ANS, various techniques have been devel- 
oped to detect the function of the sympathetic and parasym- 
pathetic systems. Frequency-domain analysis of HRV, with 
its standard procedure and interpretation first reported in 1996, 
is a sophisticated and noninvasive tool for detection of ANS 
regulation of the heart. 9 Besides being a noninvasive study 
procedure, an important advantage of frequency-domain an- 
alysis of HRV is that it utilizes spontaneous fluctuations in he- 
art rate (HR) to estimate tonic ANS functions. Investigations 
concerning resting HRV in PTSD revealed inconsistent re- 
sults. For example, some studies found reduced resting HRV 
in PTSD patients compared to controls 10 13 and a significant 
correlation between one of spectral HRV components and PT- 
SD symptoms severity. 14 However, other studies reported no 
differences in resting HRV. 15,16 Moreover, a study of trauma- 
tized individuals reported greater high-frequency HRV in 
men with PTSD compared with men without PTSD. 17 The con- 
flicting results might be due to heterogeneity in relatively small 
samples, confounds from medication, physical health, habitu- 
al physical activity, smoking, psychiatric comorbidities, and 
reporting of different HRV measures. For example, PTSD is 
often associated with an increased risk of developing second- 
ary comorbid disorders, such as depression. 18 Thus, factors 
concomitant with depression might influence the observed re- 
lationship between PTSD and HRV. We focus on PTSD pa- 
tients without depression, to avoid overestimation of the as- 
sociation between PTSD and HRV. Moreover, evidence in- 
dicated that Asian ethnicity served as significant predictors 
of healthy HRV as compared to European-American in a non- 
medical sample. 19 Taking ethnicity into account, studying in a 
genetically homogeneous population is necessary to deter- 
mine the direct relation between PTSD and cardiac autonomic 
dysfunction. To address these concerns as mentioned above, 
we analyzed with larger sample sizes and better methodology 
Taken together, the following hypotheses were tested: 

i. Drug-na'ive patients with PTSD will have decreased rest- 
ing HF-HRV as compared with age- and sex-matched con- 



trols; and 

ii. The severity of PTSD will be negatively correlated with 
resting HF-HRV. 

Finally, the obtained results were evaluated in association 
with personality traits. 

METHODS 
Subjects 

This study was approved by the Institutional Review Board 
for the Protection of Human Subjects at the Tri-Service Gen- 
eral Hospital, a medical teaching hospital of the National De- 
fense Medical Center in Taipei, Taiwan. We obtained written 
informed consent from all participants and fully explained 
the procedures of the study. Initial study entry criteria: age 20- 
65. After detailed questionnaire screening, clinical examina- 
tion and chart review, we excluded subjects with pregnancy, 
smoking, diabetes, cancer, neuropathy, any cardiovascular di- 
sease that affects HRV or engaging in regular physical train- 
ing exceeding 10 hours a week Subjects who used any medic- 
ation that have been reported to affect the ANS functioning 
for at least two weeks before evaluation were also excluded. 

Included in this study were outpatients with current PTSD 
(PTSD group), volunteers with past traumatic experiences but 
no current or past PTSD (past trauma group) and healthy con- 
trols without past traumatic experiences (healthy control gr- 
oup). Past trauma group and healthy control group were ma- 
tched to PTSD group on age, gender, and education. 

Based on the methodology in our previous studies, 20 each 
patient was initially evaluated by an attending psychiatrist 
(HAC) and then interviewed by a well-trained psychologist, 
using the Chinese Version of the Modified Schedule of Af- 
fective Disorder and Schizophrenia-Lifetime (SADSL) 21 to re- 
ach DSM-IV criteria for a primary diagnosis of PTSD. The in- 
terrater reliability kappa values were as follows: major de- 
pression, 0.79; bipolar disorder, 0.71; anxiety disorder, 0.86; 
schizophrenia, 0.95; and substance abuse and dependence, 
0.82. 22 Here, we further excluded individuals with a history 
of substance dependence, organic brain disease or any con- 
comitant major psychiatric disorders. Moreover, all patients 
had never received medication that has impact on the ANS 
(e.g., antidepressants, antipsychotics, anticholinergics, anti- 
convulsants, or anxiolytics). Generally, there are a large num- 
ber of PTSD patients with comorbid major depression in clini- 
cal settings. 18 An attending psychiatrist used clinician-rated 
scales, i.e., 17-item version of the Hamilton Depression Rat- 
ing Scale (HAM-D) for exclusion of depression. 23 Only sub- 
jects with HAM-D score lower than 15 entered the study. 24 
We did this because we aimed to determine the resting HRV 
of a "pure" PTSD. Participants in past trauma group and he- 
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althy control group were recruited from the community. We 
used the modified Chinese Version of SADSL to exclude in- 
dividuals with psychiatric conditions. They were considered 
free of past or present major or minor mental illnesses. Parti- 
cipants in PTSD group and past trauma group experienced a 
variety of traumatic exposure histories. In order to match the 
groups with regard to lifetime history of trauma (total number 
of traumatic events), participants experiencing more than 
one lifetime traumatic event were excluded. 

Assessment of PTSD severity 

We used the Chinese version of the PTSD checklist-civilian 
version (PCL-C) to assess posttraumatic symptoms (e.g., in- 
trusive memories). The PCL-C is a self-reported 17-item stan- 
dardized questionnaire. 25 Participants rate using a 5-point sc- 
ale, ranging from "not at all" to "extremely", how much the spe- 
cific symptom was a problem to them over the past month. An 
overall score and subscores for re-experience, avoidance, and 
hyperarousal subscales are provided. The Chinese version of 
PCL-C has shown to have satisfactory reliability and validity. 26 

Assessment of depression/anxiety severity 

All participants were interviewed by an attending psychia- 
trist (HAC) using the 17-item HAM-D, an objective scale to 
assess severity of depression. In addition, we used the Beck 
Depression Inventory (BDI), a 21-item questionnaire, to assess 
subjects' self-reported severity of depression. 27 The results are 
scored by summing the responses to each of the items in or- 
der to obtain a total depression score (range, 0-63). All parti- 
cipants were assessed using self-report measures of anxiety, 
i.e., Beck Anxiety Inventory (BAI). 28 The BAI contains 21 items 
that measure anxiety-related symptoms and was shown to have 
good test-retest reliability and fair concurrent validity Subjects 
were asked to rate the severity of their anxiety on 4-point Li- 
kert scales (0-3). They were also assessed by an attending psy- 
chiatrist (HAC) using clinician-rated scales, i.e., the Hamilton 
Anxiety Rating Scale (HAM-A). 29 Both the BAI and the HAM- 
A provide global indices of anxiety severity. To avoid multi- 
ple testing of the same hypothesis the analysis of the relation- 
ship between HRV parameters and global anxiety, severity was 
based on the BAI. The results were unchanged whether in- 
terviewer or self-reported measures of anxiety severity were 
used as an outcome. 

Personality assessment 

Personality traits were measured by the Tridimensional 
Personality Questionnaire (TPQ). The Chinese version of the 
TPQ used in the present study was a 100-item, self-adminis- 
tered, true-false instrument. The Cronbachs a of novelty se- 
eking (NS) was 0.70, and that of harm avoidance (HA) was 



0.87. 30 Since the reward dependence (RD) dimension had no 
adequate reliability among Han Chinese in Taiwan, 30 only NS 
and HA dimensions were analyzed in our study. Each of the 
personality dimensions was postulated to be associated with a 
particular neurotransmitter system. Specifically, NS was me- 
diated by the dopaminergic system and HA by the serotonin- 
ergic system. 31 

Measurements of HRV 

Detailed procedures have been reported previously. 32 In sh- 
ort, after sitting quietly for 20 min, a lead I electrocardiogram 
was taken for 5 min while the subject lay quietly and breath- 
ed normally. An HRV analyzer (SSIC, Enjoy Research Inc., Tai- 
wan) acquired, stored and processed electrocardiogram sig- 
nals. Under a sampling rate of 512 Hz, signals were recorded 
using an 8-bit analog-to-digital converter. Stationary R-R in- 
terval values were resampled and interpolated at a rate of 7.1 1 
Hz to produce the continuity in a time domain. Power spec- 
tral analysis was performed using a nonparametric method of 
fast Fourier transformation (FFT). The direct current com- 
ponent was deleted and a Hamming window was used to at- 
tenuate the leakage effect. The power spectrum was then qu- 
antified into standard frequency-domain measurements de- 
fined previously, 32 which consisted of variance (variance of 
RR-interval values), low frequency (LF: 0.04-0.15 Hz), high 
frequency (HF: 0.15-0.40 Hz) and, and the ratio of LF to HF 
(LF/HF). All of the measurements were logarithmically tr- 
ansformed to correct skewed distribution. 32 Vagal control of 
HRV is represented by HF, whereas both vagal and sympa- 
thetic control of HRV is jointly represented by LF. The LF/HF 
ratio is considered by some investigators to mirror sympa- 
thovagal balance or sympathetic modulations, with a larger 
LF/HF ratio indicating a greater predominance of sympathetic 
activity over parasympathetic activity. 9 

Statistical analyses 

SPSS (version 13.0, SPSS, Taipei, Taiwan) statistical soft- 
ware was used for all analyses. Discrete variables in patients 
and controls were compared using chi-square test. Differences 
between continuous variables were evaluated using Student's 
t-test when normally distributed, otherwise the Mann- Wh- 
itney U test was used. To evaluate relations between variables 
with normal distribution, we used Pearson's correlation test. 
For non-normal distribution Spearman's correlation test was 
used. The associations between HRV measures and age, body 
mass index (BMI) and habitual physical activity were ana- 
lyzed with product-moment correlations, whereas point-bi- 
serial correlations were used to assess relationships with gen- 
der. Results of the point-biserial correlations were identical 
to those arising from comparisons using t tests. Linear regres- 
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sion analyses were used to primarily assess associations of 
scores of PCL-C, BAI, BDI and TPQ with HRV indices. To 
control the confounding effect, we used multiple regression on 
the HRV indices, with HRV-associated factors as covariables. 
All results are two-tailed and a probability value p<0.05 was 
considered statistically significant. 

RESULTS 

Demographics and clinical characteristics 

A total of 256 subjects completed the experiments. Subjects 
were assigned to one of three groups: (a) PTSD group (n=32), 
(b) past trauma group (n=32), and (c) healthy control group 
(n=192). The groups did not differ significantly on demo- 
graphic data, BMI, systolic/diastolic blood pressure and ha- 
bitual physical activity (Table 1). As expected, group compari- 

Table 1 . Sample characteristics 



sons among PTSD group, past trauma group and healthy con- 
trol group showed significant differences in scores of PCL-C, 
HAM -A, BAI, and HA. Post hoc test revealed greater scores 
of four aforementioned scales in PTSD group than either past 
trauma group or healthy control group. There were no statis- 
tically significant differences in remaining psychometric vari- 
ables in group comparisons. 

Heart rate variability parameters 

As can be seen in Table 2, LF and HF were significantly lo- 
wer in PTSD group as compared to past trauma group and to 
healthy control group. Post-hoc testing showed variance in 
PTSD patients was lower than in healthy controls at a trend 
level. However, the groups were comparable regarding mean 
R-R intervals and LF/HF ratio. 



V_/lllllCdl dllll UClllUi'l tlUlllC U-cllcl 


PTSD 


Past 
trauma 


Healthy 
control 


Omnibus 
p-value 


Significant 
comparisons 


Number of participants 


32 


32 


192 






Age, meaniSD, years 


35.53il3.48 


35.31il3.1 


36.76il2.86 


0.77 




Female sex (%) 


13 (40.6) 


13 (40.6) 


78 (40.6) 


1.0 




Time since trauma, mean±SD, months 


54.69il9.3 


58.41il5.17 




0.4 




Type of trauma 








0.71 




Severe car accidents 


15 


11 








Injury or property damage due to natural 


12 


13 








disaster or human-made disaster 












Serious physical injury due to non-motor 


4 


6 








vehicle related accident 












Witnessed someone seriously injured or killed 


1 


2 








BMI,mean±SD,kg/m 2 


22.77i2.76 


23.46i4.1 


22.59i3.31 


0.13 




Weekly regular exercise, hours 


0.63il.56 


0.25i0.98 


0.92il.79 


0.09 




SBP, mean±SD, mm Hg 


120.34il4.84 


121.16il4.57 


119.17+15.13 


0.75 




DBP, meaniSD, mm Hg 


72.38i9.67 


76.22i8.62 


74.52il0.61 


0.32 




PCL-C, meaniSD 


62.44i7.21 


18.59il.41 


18.19il.49 


<0.001 


PTSD vs. Pasttrauma, 
PTSD vs. Healthy control 


HAM-A scores, meaniSD 


19.69i5.01 


3.75i2.81 


4.13+2.49 


<0.001 


PTSD vs. Pasttrauma, 
PTSD vs. Healthy control 


BAI scores, mean±SD 


15.47i8.18 


5.56i2.78 


5.97+4.21 


<0.001 


PTSD vs. Pasttrauma, 
PTSD vs. Healthy control 


HAM-D scores, meaniSD 


3.56il.7 


3.23il.7 


3.16il.95 


0.62 




BDI scores, meaniSD 


6.38i2.43 


5.06i2.87 


5.5i2.99 


0.18 




HA score, meaniSD 


19.13i7.21 


14.22i5.87 


15.17+.7.06 


0.007 


PTSD vs. Pasttrauma, 
PTSD vs. Healthy control 


NS score, meaniSD 


15.84i3.38 


14.13i4.26 


14.71i3.92 


0.19 





SD: standard deviation, BMI: body mass index (calculated as weight in kilograms divided by height in meters squared), SBP: systolic blood 
pressure, DBP: diastolic blood pressure, PCL-C: posttraumatic stress disorder checklist-civilian version, HAM-A: Hamilton Anxiety Rating 
Scale, BAI: Beck Anxiety Inventory, HAM-D: Hamilton Depression Rating Scale, BDI: Beck Depression Inventory, HA: harm avoidance, NS: 
novelty seeking 
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Factors associated with HRV 

Associations between HRV measures and those potentially 
confounding variables are summarized in Table 3. Men had 
significantly lower variance, LF, and HF than women. Older 
participants had reduced variance, LF, and HF, and greater LF/ 
HF ratio. Participants with higher BMI had greater LF/HF ra- 
tio. Participants who were habitually more physically active had 
significantly slower heart rates (longer RR interval) and gr- 
eater LF and HF. 

Association between posttraumatic symptoms/ 
anxiety/depression severity and HRV 

Correlation analysis revealed that PCL-C scores were in- 
versely associated with RR, variance, LF, and HF (Table 4). 



BAI scores were associated with reduced variance, LF, and HF. 
The above-mentioned association remained after correction 
for gender, age, BMI and physical activity (Table 5). However, 
there was no significant correlation between severity of depres- 
sion and all HRV parameters. 

Association between personality traits and HRV 

The HA score was inversely associated with variance, LF 
and HF among all participants (Table 4). Further adjustment 
for gender, age, BMI and physical activity did not alter the 
above-mentioned association in a meaningful way (Table 5). 
However, there was no significant correlation between the 
NS score and any HRV index in all participants. 



Table 2. Mean R-R intervals (RR) and all measures of HRV for PTSD group, past trauma group and healthy control group 




PTSD 


Past trauma 


Healthy control 


p-value Significant comparisons 


Number of participants 


32 


32 


192 




Heart rate variability measures 










RR interval, mean±SD, ms 


848. 16i 124.95 


853.47il30.48 


893.48il44.34 


0.11 


Var, mean±SD 


7.05i0.84 


7.41i0.69 


7.44i0.88 


0.059 


LF, mean±SD 


5.34il.l7 


6.09i0.92 


5.9il.07 


0.01 PTSD vs. Pasttrauma, 

PTSD vs. Healthy control 


HF, meaniSD 


5.07il.l3 


5.9i0.92 


5.75il.l 


0.003 PTSD vs. Pasttrauma, 

PTSD vs. Healthy control 


LF/HF, meaniSD 


0.26i0.72 


0.19i0.64 


0.15i0.81 


0.73 


Var: total variance [ln (ms 2 )], LF: low frequency power [ln (ms 2 )], HF: high frequency power [ln (ms 2 )], LF/HF: ratio of LF to HF [ln (ratio)], HRV: 
heart rate variability, PTSD: posttraumatic stress disorder, SD: standard deviation 


Table 3. Factors associated with resting HRV indices among all participants 








RR interval 


Var 


LF 


HF LF/HF 


GenderfWomen/men) 1 " 


-0.095 


-0.17** 


-0.21*** 


-0.13* -0.12 


Age* 


0.20 


-0.45*** 


-0.46*** 


-0.51*** 0.13* 


BMI* 


0.03 


0.07 


0.1 


-0.11 0.3*** 


Physical activity* 


0.16** 


0.08 


0.13* 


0.04* 0.15 


*p<0.05, **p<0.01, ***p<0.001, tpoint-biserial correlations; first category in parenthesis is the reference group, tproduct-moment correlations. 
BMI: body mass index, Var: total variance [ln (ms 2 )], LF: low frequency power [ln (ms 2 )], HF: high frequency power [ln (ms 2 )], LF/HF: ratio 
of LF to HF [ln (ratio)], HRV: heart rate variability 


Table 4. The correlations between HRV indices and scores of PCL-C, BAI, BDI, HA and NS 






PCL-C 


BAI 


BDI 


HA NS 


Heart rate variability measures 










RR interval, meaniSD, ms 


-0.19** 


-0.002 


-0.03 


0.05 -0.04 


Var, meaniSD 


-0.41*** 


-0.15* 


0.04 


-0.15* -0.01 


LF, meaniSD 


-0 39*** 


-0.19** 


0.05 


-0.18** -0.01 


HF, meaniSD 


-0.45*** 


-0.18** 


-0.02 


-0.21** -0.02 


LF/HF, meaniSD 


0.12 


0.01 


0.08 


0.03 0.03 



*p<0.05, **p<0.01, ***p<0.001. Var: total variance [ln (ms 2 )], LF: low frequency power [ln (ms 2 )], HF: high frequency power [ln (ms 2 )], LF/HF: 
ratio of LF to HF [ln (ratio)], PCL-C: posttraumatic stress disorder checklist-civilian version, BAI: Beck Anxiety Inventory, BDI: Beck Depres- 
sion Inventory, HA: harm avoidance, NA: novelty seeking, HRV: heart rate variability 
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DISCUSSION 

To our knowledge, this is the first adequately powered study 
that examines the difference of resting HRV between drug- 
naive PTSD patients and controls in Han Chinese population 
by using frequency-domain analysis of HRV. The main re- 
sults of our study may be summed as follows. 

As expected, drug-naive patients with PTSD had lower 
HF-HRV than either past trauma subjects or healthy con- 
trols. This result is consistent with some investigations 11 ' 12,33 
and can be interpreted as evidence that the basal autonomic 
state of PTSD is characterized by decreased parasympathetic 
tone. However, our result differed from other investigations 
of resting HF-HRV among PTSD individuals. For example, 
previous investigations found no differences in baseline HF- 
HRV when comparing PTSD patients and trauma-exposed 
controls. 15,34 Moreover, a recent study reported that women 
with PTSD did not exhibit lower HF-HRV relative to age- 
matched controls during a resting baseline period. 16 We be- 
lieve that our main result is reliable based on the following 
strengths of the present study. Our study has a larger sample 
size of participants than previous studies. We have excluded 
subjects with psychiatric and physical co-morbidities that co- 
uld potentially confound the association between PTSD and 
cardiac autonomic functions. Three groups of subjects were 
interviewed with the modified Chinese Version of SADSL 21 
to rule out any psychiatric comorbidity or psychiatric disorder. 
Thus a false-positive result due to inclusion of depressive dis- 
orders, other anxiety disorders or substance use disorder in PT- 
SD group is presently unlikely. We have also controlled other 
confounding factors that may suppress or magnify the true 
effects of PTSD on HRV, including medication, age, smok- 
ing, BMI and physical activity levels. 6 Importantly, all our 
participants do not smoke or have a history of smoking. Cur- 
rent smoking clearly depresses HRV and, even among those 
who have recently quit, HRV remains lower compared with 
that of normal nonsmokers. 35 Therefore, smoking must be 
taken into account in any study of the effect of PTSD on HRV 
because a substantial proportion of PTSD patients smoke or 
have a history of smoking. 36 Moreover, since ethnic stratifica- 
tion among study samples may lead to resetting population 
HRV patterns, 19,37 it might produce a false-positive or false- 
negative result by chance rather than reveal a direct relation. 
However, all our subjects were unrelated Han Chinese sub- 
jects, matched for age and sex, and drawn from a population 
pool in Taiwan that is known to be genetically homogene- 
ous. 20 All of the biological grandparents of our recruited sub- 
jects were of Han Chinese ancestry. Therefore, it is less likely 
that ethnic stratification bias produced a false-positive result 
in our study. 



Patients with more severe PTSD symptoms tend to have 
lower HF-HRV than those with less severe PTSD symptoms. 
This finding further complements our first main result re- 
garding lower HF-HRV in PTSD. The following theoretical 
perspectives support our findings. Firstly, the amygdala, a 
limbic structure involved in emotional processing, is critical 
for fear conditioning and plays an important role in the patho- 
physiology of PTSD. 38 Neuroimaging data demonstrate that 
PTSD patients appear to have greater amygdala activation re- 
lative to comparison subjects. 39 Neurophysiologically the am- 
ygdale projects to the nuclei of the vagus in the brain stem, 40 
and may translate the psychological experiences associated 
with fear and trauma into the vagal responses. Secondly, Po- 
lyvagal theory proposed by Porges highlights diminished va- 
gal tone as an important final common pathway leading to 
the adverse effects of acute stress reaction. 5,15 Vagal influences 
to the heart serve to dampen the sympathetic reactions to st- 
ress and to promote calm behavioral states and self-regula- 
tion. 5 Consistent with this protective function of vagal tone, a 
reduction in resting HF-HRV has been associated with vul- 
nerability to the effect of stress. For example, research on PT- 
SD suggests that early life episodes of diminished vagal tone 
may predict poor stress resilience in adults. 41 An increase in 
tonic levels of HF-HRV has been observed in patients with 
PTSD following successful treatment. 42 Altogether, our re- 
sults corroborate previous work 11 13,33 suggesting that reduc- 
tion in CVC is a psychophysiological marker of PTSD. 

Elevated resting heart rate (HR) has frequently been found 
in PTSD. 12,33,42 Our study failed to find a HR difference. How- 
ever, this is in line with other research 15,16 which did not find 
a HR difference between PTSD and control participants. Gi- 
ven the large contribution of the PNS to resting HR, findings 
for resting HF-HRV in any single study will theoretically pa- 
rallel the findings for resting HR. For example, Sahar et al. 15 
reported that neither resting HR nor baseline RSA (which is 
reflective of CVC) was different between PTSD patients and 
controls. However, they only studied male patients and had a 
small sample size. The larger sample size and drug-naive pa- 
tient population in this study made our result more reliable. 
Nonetheless, a meta-analysis indicated that PTSD patients had 
higher resting HR relative to controls. 43 It would be premature 
to make a conclusion regarding resting HR in PTSD based 
up the preliminary result reported herein. In order to con- 
clude PTSD -related alterations in resting HR, larger samples 
and/or meta-analyses are needed. 

Of note, we observed that PTSD patients had lower LF- 
HRV than both past trauma controls and healthy controls. 
Most studies reported increased sympathetic activity in PT- 
SD. 2,11 For example, Cohen et al. 11 reported that the PTSD 
patients had increased LF-HRV compared to the controls. 
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Despite our expectation that PTSD patients would be associ- 
ated with a decrease in parasympathetic activity (HF-HRV) 
and a theoretically reciprocal increase in sympathetic activity 
(LF-HRV), the data shown herein indicated opposite associa- 
tion for sympathetic branch: lower level of LF-HRV in PTSD 
patients. This unexpected finding warrants comment. The 
traditional interpretations of the HRV measures used in our 
study are that HF-HRV estimate vagal tone, while LF-HRV 
reflects both vagal and sympathetic influences. 9,32 Although 
some studies attribute LF fluctuations (at least in part) to sym- 
pathetic modulation, 9 recent studies found no significant cor- 
relation between LF range and cardiac norepinephrine spill- 
over. 44 Thus, the LF spectral activity is likely a poor marker of 
sympathetic outflow 45 and conclusions regarding changes in 
sympathetic branch could not be drawn from the short-term 
HRV linear analysis. Furthermore, it has also been reported 
that when LF-HRV is assessed in the supine position, admin- 
istration of atropine, a potent inhibitor of parasympathetic 
muscarinic receptors, eliminates most of the LF region of the 
power spectrum. 46 This does not occur when LF-HRV is as- 
sessed in the sitting position, and suggests that resting LF- 
HRV in our study may primarily reflect vagal influences. 47 
Correlations with other clearly sympathetic measures, such 
as skin conductance, skin temperature, or muscle sympa- 
thetic nerve activity, should be investigated in the future. 

Finally, we found a negative correlation between CVC (HF- 
HRV) and the HA score. HA corresponds to an inhibitory 
response to signals of aversive stimuli that leads to avoidance 
of punishment, and it is theoretically associated with seroto- 
nergic activity. 31,48 For example, evidence indicated that the 
HA score was positively associated with serotonin (5-HT) 
receptor sensitivity 48 and negatively correlated with serotonin 
transporter (5-HTT) availability. 49 Genetic studies further 
proved the relationship between the HA score and the sero- 
tonin transporter gene-linked polymorphic region. 50 Based 
on previous findings high HA score seems to reflect lowered 
5-HT function. Then, a link between lowered 5-HT function 
and reduced HRV was established by recent evidence indi- 
cating that 5-HT depletion or 5-HT receptor blocking atten- 
uated baroreflex gain. 51,52 The arterial baroreflex is the main 
mediator of HRV; 53 therefore, lowered 5-HT function leads 
to diminished baroreflex function which in turn leads to re- 
duced HRV. Altogether, our work and other results cited 
above relate the degree of reduction in HRV to the degree of 
HA which may be reflective of central serotonergic activity. 
To date, the mechanism involved in bringing about altera- 
tions of neurocardiac regulation in PTSD is yet to be estab- 
lished. It is well known that PTSD is associated with altered 
5-HT neurotransmission, as evidenced by 5-HT2A receptor 
polymorphism in increasing genetic risk for PTSD 54 and de- 



creased serum concentrations of 5-HT and decreased density 
of platelet 5-HT uptake sites in PTSD patients. 55,56 A plausible 
scenario may be that decreased 5-HT transmission in PTSD 
may eventually have a role in causing cardiac autonomic dys- 
regulation. Consistent with such a possibility, Cohen et al. 42 re- 
ported that the HRV parameters indicating cardiac autono- 
mic dysregulation, which characterizes PTSD patients at rest, 
were normalized in responding patients by use of fluoxetine, 
a selective serotonin re-uptake inhibitor (SSRI). 

As suggested above, our findings highlight decreased CVC 
in PTSD patients and should serve to remind clinicians to 
pay attention to their increased risk of cardiovascular diseas- 
es. For example, an autonomic function examination such as 
HRV analysis can be done to provide a rapid screening of sys- 
temic autonomic disturbance. In the present study, we as- 
sumed that decreased CVC in PTSD may be associated with 
impairment of serotonergic activity SSRIs have been recom- 
mended as first-line agents to treat PTSD indeed. 57 Neverthe- 
less, a recent review emphasizes high drop-out rates in the 
SSRI trials, and the negative trials in subjects with combat- 
related PTSD. 58 There is a paucity of data on changes in cardi- 
ac autonomic function of PTSD patients treated with SSRI. 42 
Accordingly, the alternative treatment to restore the auto- 
nomic function may be considered for PTSD patients. For 
instance, preliminary results suggested that HRV biofeed- 
back 59 and autogenic training 8 significantly increased HRV 
and/or CVC while reducing symptoms of PTSD. Larger ran- 
domized control trials to validate these study results are war- 
ranted. 

Several limitations should be considered in the present 
study. 1) The study utilized cross-sectional data only, and 
causality therefore cannot be inferred. 2) Interpretation of LF- 
HRV as sympathetic activity should be made with caution, as 
the level of modulation of LF-HRV by the sympathetic branch 
is still debated. 3) Our study failed to provide the informa- 
tion concerning the menstrual cycle of our female partici- 
pants; however, HRV was shown to fluctuate during different 
phases of female menstrual cycle. 60 4) All our participants 
were physically healthy, so our results may not generalize to 
other patient populations. Because noise and arrhythmias can 
greatly affect the accuracy of HRV estimation, the use of HRV 
techniques is hampered in certain patients (e.g., uncoopera- 
tive, mentally ill or medically ill patients). Frequency domain 
measures of HRV are also difficult to validate and standard- 
ize. 61 All these factors weaken HRV analysis as scientific mea- 
sure for clinical application. 
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